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INTRODUCTION
Landscapes evolve as a result of the interaction between surface processes, climate, tectonic activity and
bedrock geology. These processes shape their form and create the features that we see today [Howard et al.,
1994; Whipple and Tucker, 1999; Snyder et al., 2000; Roe et al., 2002; Hancock, 2005; Whittaker, 2012;
Ferrier et al., 2013; Goren et al., 2007]. Whether a landscape is in a transient or steady-state is dependent
upon the rate of change in forcing mechanisms, such as uplift or variance in hydrology relative to the rate
of adjustment by erosional and depositional processes. Understanding how such processes drive change in
regional landscapes requires an understanding of the fluvial incision process that forms relief and drives
sediment transport. This topic has been an area of extensive study [Howard et al., 1994; Seidl et al., 1994;
Tucker and Bras, 1998; VanLaningham et al., 2006; Harkins et al., 2007; Trauerstein et al., 2013; Saillard
et al., 2014].
A river’s ability to effectively incise into bedrock has the potential to set the rate of lowering of the
landscape [Stock and Montgomery, 1999; Snyder et al., 2000; Zaprowski et al., 2005]. As a result, variations
in bedrock properties such as rock type and erodibility affect the erosion rate, drainage network geometry
and morphological features such as steepness and concavity. Bedrock type also influences the persistence
of features such as knickpoints [Gasparini et al., 2007; Pazzaglia et al., 2013; Trauerstein et al., 2013;
Hurst et al., 2013]. While studies generally assume uniform lithology, bedrock strength has been shown to
affect factors such as hillslope relief and sediment production [Sklar and Dietrich, 2001; Lague, 2014]. Thus
investigating bedrock geology becomes important in understanding the factors constraining channel form and
landscape evolution [Howard et al., 1994; Hancock, 2005; Marshall and Roering, 2014].
Here, I investigate the longitudinal profiles of channels within the Harpeth River Watershed, a mixed
bedrock-alluvial system in middle Tennessee. The purpose of this study is to evaluate whether downstream
changes in bedrock lithology exhibit a measurable control on channel geometry and erosion patterns. Geo-
logic maps and channel profiles are used to document observable differences in the major tributaries asso-
ciated with lithological changes in the bedrock from the headwaters to the mouth. Drainage area, elevation
and downstream distance are extracted from 10m Digital Elevation Models (DEMs) and geologic maps used
to identify bedrock of different lithologies and ages within the Paleozoic Era. The data are presented in chi-
elevation space which uses an integral transformation of the horizontal coordinate, chi (χ), introduced by
Perron and Royden [2013] in lieu of slope-area analysis.
Results from each sub-basin include their channel longitudinal profiles, transformed profiles and bedrock
geology. We examine the geologic units in the Harpeth and the streams draining these units and document
differences observed in the long profiles and in the chi-elevation plots. Finally, we determine the factors
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responsible for the differences in topographic relief and terrace development as well as the factors driving
morphological evolution within the watershed. The general results show that while erosion rates may be non-
uniform within a sub-basin, overall, the Harpeth River Watershed approaches uniform lowering as it incises
to base level, set by the Cumberland River. It has also been found that the slight non-uniformity expressed
along a few of the tributaries are associated with local differences in bedrock lithology which exerts control
on the form of the channels within the watershed.
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HARPETH RIVER WATERSHED
The Harpeth River is a part of the greater Ohio-Mississippi watershed originating in Rutherford County, Ten-
nessee and flowing in a northwesterly direction into the Cumberland River (Fig. 1). The watershed drains
2245 km2 and includes 1600 km of stream channels [TDEC, 2002; USACE, 2012]. The climate in the region
is humid, temperate and continental with an annual mean precipitation ranging from 115 centimeters in the
Nashville Basin to 130 centimeters on the Highland Rim [Brakenridge, 1984; Tennessee Climatological Ser-
vice, 2010]. Discharge in the watershed is variable with an annual mean discharge recorded as approximately
32 m3 per second for the water year 2013 at the station closest to the confluence with the Cumberland River,
Kingston Springs (Fig. 5B) [USGS, 2013]. Discharge in the watershed is flashy and can quickly exceed the
banks as was observed in the May 2010 flooding of the region where the discharge was recorded as 2038 m3
per second (Fig. 5A) creating the new station maximum [USGS, 2010; USACE, 2012].
There are five major tributaries to the Harpeth River - the Little Harpeth, the West Harpeth, the South
Harpeth, Turnbull Creek and Jones Creek. All but the Little Harpeth are investigated in this study. The
streams forming the headwaters of the river were also included based upon the National Hydrography Dataset
hydrological unit-10 designations and are referred to herein as the Harpeth River Headwaters (Fig. 6). The
Harpeth River Watershed is divided between the regional physiographic features of the Nashville Basin at its
headwaters and transitions to the Western Highland Rim which comprises the lower reaches of the river (Fig.
3) [TDEC, 2002]. As a result, many of the channels within the watershed drain both types of bedrock which
can lead to steepening of the channels and to the presence of knickpoints [Zaprowski et al., 2005].
The Nashville Basin is mainly comprised of Ordovician-age limestones and shales exposed due to erosion
of the Nashville Dome. The Nashville Basin can be divided into an Inner and Outer Basin with the Inner Basin
characterized by lower relief and less hilly topography [TDEC, 2002]. The older Ordovician-age limestones
of the Stones River Group, containing high percentages of insoluble materials, tend to outcrop in the inner
region of the basin. Mississippian-age formations become more common in the Outer Basin in addition to
the Ordovician limestones of the Nashville Group. The Mississippian-age Fort Payne unit previously capped
the Nashville Basin before being eroded to expose the Ordovician-age limestone units. In some areas, this
capping rock, characterized by argillaceous limestones and bands of dense chert is still present leading to
steeper hills [Miller and Maher, 1972; Mills and Mills, 2001].
In many areas, the Devonian-age Chattanooga shale which lies unconformably, separates the Mississip-
pian and the pre-Chattanooga Devonian bedrock which is rapidly eroded once exposed by removal of the
chert-rich capping units [Miller, 1974]. Exposure of the less resistant Devonian bedrock may lead to more
deeply incised channels when compared to the more chert-rich bedrock. Streams in the Nashville Basin,
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draining large expanses of limestone, are expected to have a gentler gradient than streams which predomi-
nantly drain the more resistant Mississippian formations. It is also expected that due to the bedrock lithology,
these streams will be dominated by clays and silt resulting from chemical weathering of the limestone bedrock
[Brakenridge, 1984; Etnier and Starnes, 1993].
The Highland Rim is primarily located in middle Tennessee and extends northward into Kentucky and
southward into Alabama (Fig. 2). The bedrock of the Western Highland Rim is predominantly Mississippian-
age limestones which include the resistant chert-rich limestones of the Fort Payne Formation outcropping
along with the Warsaw Formation which is characterized by sand and calcareous shale-rich units [Mills and
Mills, 2001]. The more resistant bedrock leads to rolling topography with greater relief and elevations up to
300 meters (Fig. 4) [Miller, 1974; Etnier and Starnes, 1993]. This silica-rich bedrock present in the Rim
differentiates the bedrock from that found in the Nashville Basin. As a result, soils mantling the Western
Highland Rim trend toward being more chert-rich and acidic in composition with coarse chert gravels and
sand substrates dominating the river channels. Younger alluvium is also present in this region with older
gravel and sand alluvium dominating the terraces. The presence of more resistant rock in this area of the
basin has led to the development of channels with steeper gradients however, locally flat areas have led to the
development of wide flood plains [Miller and Maher, 1972; Miller, 1974; TDEC, 2002].
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PREVIOUS RESEARCH
Regional studies within the middle Tennessee region have sought to determine the climate history and the
processes by which rivers within the region have undergone patterns of lateral migration and vertical incision.
Brakenridge [1984, 1985] examined the aggradation and stability of the floodplains within the Duck River
watershed which is contiguous with the southern boundary of the Harpeth River Watershed (Fig. 1). The
Duck River study explores the relationship between floodplain stratigraphy and bedrock erosion as well as
the importance of environmental controls on the fluvial system.
Brakenridge [1984] examined the aggradation and erosional cycle of the Duck River and found that the
watershed underwent periods of floodplain stability and soil formation followed by aggradation. The study
concludes that climate has played an important role in the evolution of the stream-channel morphology with
drier climates leading to floodplain stability and soil formation. Conversely, during moister periods, the
watershed experienced increased fluvial activity and overbank accretion. Cyclicity in the river is then driven
by river hydrology and the morphological response to the perturbation.
Terrace formation along the river was also examined by Brakenridge [1984] to understand the erosional
and depositional processes of the Duck River. The study proposed that terraces were formed due to bedrock
erosion occurring as the basin lowered without uplift of the region. Brakenridge [1984] concludes that while
rates of vertical bedrock erosion can be determined for the late Quaternary periods, the episodic nature of
these processes is complex and potentially occurring in conjunction with deposition. Bedrock erosion, leading
to landscape lowering, may also have occurred in neighbouring watersheds sharing the same geologic and
tectonic history, such as the Harpeth River. For the Duck and similar rivers, Brakenridge [1984] concludes
that the rate of erosion into bedrock determines the rate at which floodplains develop.
The valley morphology of the Harpeth River, was described by Huckemeyer [1999]. Mapping of the lower
40 km of the Harpeth River revealed terraces that were correlated with regional studies of Brakenridge [1984,
1985]. Huckemeyer [1999] proposed that in areas where geology is the main control of valley evolution,
changes in terrace morphology should be most evident at lithological contacts. However, based on this study,
the Harpeth River does not appear to support this hypothesis as neither the terrace levels nor their morphology
was found to change at the lithological contacts.
A conceptual climate model, building on the findings of Brakenridge [1984], was proposed to explain the
evolution of the lower reach of the Harpeth as fluctuations in climate should leave a record in the stratigraphy
of the terraces and should reflect the conditions in the basin. Huckemeyer [1999] examined the watershed with
respect to a conceptual climate model suggesting that a bedrock incised stream would have reduced stream
power during a drier interval and higher stream power and sediment input during wetter intervals. During the
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wetter interglacial periods, it was expected that the river would migrate laterally to form a broad floodplain.
As the climate switched to a drier glacial period, reduced sediment input and stream power would favor a
stable channel position, allowing the river to vertically incise and abandon the floodplain to form a terrace.
Based on field evidence collected on the lower 40 km of the river, correlations with previous regional studies
and the δ18-O record based on SPECMAP marine oxygen-isotope stages, Huckemeyer [1999] concluded that
the Harpeth River Watershed follows the pattern outlined by the conceptual climate model.
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APPROACH AND METHODS
The Harpeth River Watershed drains bedrock of different ages and composition and as a result, erodibility.
It is then expected that the lithological differences within the watershed should influence the form of the
river’s longitudinal profile and its evolution. Work done within the region by Brakenridge [1984, 1985]
and by Huckemeyer [1999] have shown that streams within the middle Tennessee region exhibit patterns of
both vertical incision and lateral migration. These changes have been linked to climate-driven variations in
river discharge and isostatic adjustment. However, given the age and composition difference of the bedrock
underlying the watershed, bedrock lithology should also influence watershed evolution. To gain a deeper
understanding of the factors potentially driving morphological evolution in middle Tennessee watersheds, we
investigate the longitudinal profile to determine the influence of lithology on landscape morphology. Studies
such as VanLaningham et al. [2006] have explored the influence of rock resistance on the channel form and
have found that channels draining more resistant rocks have lower concavity values than those observed for
channels draining less resistant rocks.
The longitudinal profile, or long profile, of a river plots the length of the river with respect to the elevation.
It highlights and records the dynamic interaction that exists between the uplift and the erosional history of the
landscape [Baldwin et al., 2003; VanLaningham et al., 2006; Pazzaglia et al., 2013]. The form of long profiles
around the world trend toward having a somewhat regular geometry resulting from increasing downstream
discharge associated with increased drainage area. Information about the history and processes of landscape
erosion, for both steady-state and transient conditions, are often preserved in these downstream elevation
profiles.
Work has shown that this concave up geometry is a characteristic of streams regardless of climatic con-
dition, uplift, channel length or the composition of the bedrock [Seidl et al., 1994; Roe et al., 2002; Ra˜doane
et al., 2003; Zaprowski et al., 2005; Pazzaglia et al., 2013]. However, the great variability observed within
this concave up form has led researchers to investigate rock hardness, increases in discharge due to tributaries
joining the main stem and tectonic activity within the basin in an attempt to explain observed deviations
from a uniform concave up geometry [Snyder et al., 2000; Hancock, 2005; Gasparini et al., 2007; Harkins
et al., 2007; Yetemen et al., 2010]. The concavity of river long profiles has been examined by researchers to
understand the processes governing fluvial erosion and landscape evolution.
To inform landscape models, Digital Elevation Models (DEMs) have been used as a means to extract
basin metrics [Hancock, 2005; Wobus et al., 2006; Whipple et al., 2007; Gasparini et al., 2007; Whittaker,
2012] and to examine the form of river profiles around the world [Montgomery and Foufoula-Georgiou, 1993;
Snyder et al., 2000; Hancock, 2005]. To understand how river profiles gain their particular concave geometry,
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researchers have appealed to models such as the stream power incision model, where it is assumed that the rate
of incision into bedrock is proportional to stream power [Montgomery and Foufoula-Georgiou, 1993; Snyder
et al., 2000; Sklar and Dietrich, 2001; Whittaker, 2012; Ferrier et al., 2013]. The stream power model is
based on Gilbert [1877] where the slope of the river profile was described as being inversely proportional
to discharge within the basin. The stream power model expresses the erosion rate of the system in terms of
drainage area and slope with the general form,
∂ z
∂ t
=U(x, t)−K(x, t)A(x, t)m
∣∣∣∣ ∂ z∂x
∣∣∣∣n, (1)
where z is elevation, t is time, U is uplift, K is an erodibility coefficient, A is drainage area, S is slope and
m and n are constants. If the assumption is made that dz/dt = 0, a stream’s adherence to or divergence
from Equation 1 can reveal deviations from steady-state, uniform processes resulting from uplift or erosion,
variations in lithology and other factors.
Use of the stream power equation, Equation 1, requires knowledge of the area exponent, m and the slope
exponent n [Seidl and Dietrich, 1992]. The ratio m/n, also referred to as the concavity (θ ), has traditionally
been determined through slope-area analysis of the main channel and its tributaries [Seidl and Dietrich,
1992; Dietrich et al., 1993; Snyder et al., 2000; Kirby and Whipple, 2001]. Slope-area analysis however
results in noisy data due to the errors and uncertainties associated with the collection and subsequent use
of topographic information. Researchers have been able to extract topographic information from DEMs and
have created smoothing algorithms to overcome some of the errors associated with slope-area analysis [Wobus
et al., 2006]. However the combination of the inherent bias and errors created during the determination of
slope from topographic data has led to new analysis methods to reduce the noise encountered during data
manipulation [Perron and Royden, 2013].
The Integral Method
Perron and Royden [2013] building on work by Royden et al. [2000] and Royden and Perron [2013] describe a
method by which a steady-state long profile would be transformed into a straight line by normalizing distance
as the spatial integral of drainage area, χ , which serves as a proxy for integrated downstream water discharge
(termed ”chi plots” by Perron and Royden [2013]). Deviations from an assumed steady-state equilibrium
become more apparent and the propagation of transient features such as knickpoints are more prominent than
on a river long profile. Using the integral method is also advantageous as the tributaries as well as the trunk
stream are used to calibrate the stream power model and provide a second constraint on the parameters of the
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model.
By assuming steady-state conditions, ∂ z/∂ t = 0, the stream power equation can be written as
∣∣∣∣dzdx
∣∣∣∣= (UK
) 1
n
A(x)−
m
n . (2)
Equation 2 predicts a power-law relationship where slope of the river profile is inversely proportional to the
discharge. This relationship, if observed, supports the steady-state assumption. By assuming constant and
uniform uplift and erodibilty, Equation 2 can then be integrated to produce
z(x) = z(xb)+
(
U
KAm0
) 1
n
χ. (3)
This integral method transforms the horizontal spatial coordinate of the river profile and introduces the
quantity, χ , which has dimensions of length. Chi is defined as
χ =
∫ x
xb
(
A0
A(x)
)m
n
dx, (4)
where the drainage area is integrated over the channel distance with respect to a reference drainage area A0
(chosen here to be 1000 m2) from base-level, xb, to x. By introducing the variable χ , Equation 4 has the form
of a line with a slope related to the ratio of (U/K)
1
n .
Solving Equation 4 requires prior knowledge of the ratio of m to n. To find the most likely value for this
ratio, Perron and Royden [2013] propose performing a linear least-squares regression of elevation against χ
on a range of m/n values and selecting the best fit as the ratio corresponding to the maximum value of R2.
This approximation, however, does not allow for changes in factors such as variable uplift rates and variations
in erodibilty. To circumvent this, Mudd et al. [2014] explores a more statistically robust method to identify
unique ”patches” along the river profile which may reveal differential contributing factors such as uplift rate,
bedrock type or changes in climate. The method described by Mudd et al. [2014] tests multiple combinations
of linear channel segments to determine the most likely m/n ratio. Perron and Royden [2013] assert that for a
steady-state system, individual channels within the network should have linear chi plots and all the channels
in the network should be collinear with the trunk stream (Fig. 22).
Extraction and Transformation of Profiles
Ten-meter resolution DEMs of the Harpeth River Watershed were obtained from the National Elevation
Dataset. Using tools available in ArcGIS, the channel network for the watershed was generated and the
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watershed divided into sub-basins based upon the National Hydrological Dataset HUC-10 boundaries. The
Spatial Analyst toolbox provided by ArcGIS and methods outlined by Cooley [2013] were used to delineate
the sub-basins. Five subsets of the Harpeth River watershed 10 m DEM were then extracted using the bound-
aries created in ArcGIS for use in the determining the m/n and in creating the chi plots. The analysis method
and codes provided by Mudd et al. [2014] and the sub-basin DEMs were used to extract the channel networks
for each of the five sub-basins. The parameters used in the statistical analysis are recorded in Table 1 and
were chosen for the analysis based upon suggestions provided by Mudd et al. [2014] and the errors associated
with the DEMs used.
To constrain the m/n ratio, a statistical method was applied to test all possible continuous segments within
the channel network that have a distinct steepness. The method determines the most likely locations where a
change exists in factors such as the erodibility or the rate of erosion. The best model of the m/n ratio is then
selected using the corrected Akaike Information Criterion (AICc), which balances model complexity with
the goodness of fit. The most likely m/n is selected based upon the ratio producing the minimum cumulative
AICc result. For each channel in the watershed, a best fit m/n value was applied to each channel separately.
To confirm the selection, a collinearity test using all the data in the channel network was also performed. The
collinearity test pools all the data in the channel network and fits the best m/n ratio to the sub-basin.
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RESULTS
To understand the role of bedrock lithology on the Harpeth River Watershed, geologic maps, long profiles and
chi plots were created for the four main tributaries to the Harpeth and the streams forming the headwaters. The
resulting river long profiles and χ-elevation plots provide a visual representation of the erosional processes
and provide insight into the factors influencing the form of the landscape. In total, fifty channels from the
watershed were analyzed and are displayed in Figures 7 - 20. In the analysis output, the channels in each
sub-basin are numbered consecutively beginning with the first channel downstream of the trunk headwaters.
The colour scheme of the channels presented on the channel on hillshade maps are consistent with the colours
used on the chi plots of each sub-basin.
River Longitudinal Profiles
Long profiles of rivers plot their elevation against flow distance and may record channel response to external
forcings such as climate and tectonics. The general form of the long profile trends toward a concave up
geometry with the degree of concavity varying with differences in local channel gradient, which, may be
sensitive to changes in lithology and base level [Kirby and Whipple, 2001; Duvall et al., 2004]. The resulting
profiles of the tributaries to the Harpeth River all exhibit the expected concave up form. However, the form of
the Harpeth River Headwaters trunk stream is distinct having the gentlest gradient and the lowest concavity
of the profiles (Fig. 7). Watersheds 2 and 3 have similar long profiles (Figs. 8, 9) as do Watersheds 4 and 5
(Figs. 10, 11) which have similarities in their trunk streams and their channel forms.
The long profile of the Harpeth River Headwaters (Watershed 1) shows steep elevation gradients in first
10 km below which the gradient changes more gradually downstream. Overall, tributary channels in the sub-
basin are steeper than the trunk stream. However this may be a function of either upstream drainage area or
bedrock lithology. The gradients of these channels also appear to be steeper than the gradients of channels
within the other four watersheds (Fig. 7). Channel 5, which enters the trunk stream at 50 km, has a break in
its slope and is separated by segments of differing gradients, deviates from this trend. The break in the slope
may result from changing lithology as can be observed in Figure 13A.
The long profile of the trunk stream and all the tributaries in Watershed 2 are concave up in form (Fig.
8). The gradients and the concavities of the channels, however, vary throughout the watershed. Channel
5 is the least steep of the channels, whereby the shallow slope may be a function of drainage area or may
result from locally hard bedrock or high sediment production. However, channels draining similar bedrock,
such as channel 6, have long profiles with steeper gradients. To constrain the factors influencing long profile
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geometry in the sub-basin, normalizing for drainage area may be necessary in order to provide a more accurate
assessment of the channels.
The trunk stream of Watershed 3 has a long profile with the concave up geometry observed for other
tributaries to the Harpeth River and the majority of the tributaries have a similar geometry (Fig. 9). Based on
their profiles, streams draining this sub-basin have long profiles with a form similar to that of the trunk stream
which may be indicative of uniform erosional processes. Channel 7, entering the trunk stream approximately
15 km upstream from the confluence, however deviates from the other profiles as it has the gentlest gradient
of all the profiles plotted in the sub-basin. Factors that may cause profile deviations include non-uniform
precipitation, differential rates of uplift and differences in lithology. It is unlikely that the deviation is caused
by spatial variations in precipitation or differential uplift leading to the conclusion that it is potentially a result
of lithology. Spatial deviations in erodibility and the production and transport of sediment may be the factors
leading to the differences in the profile form.
Channels in Watershed 4 appear to plot in three distinct groups with varying degrees of steepness and
concavity (Fig. 10). The headwater tributaries are similar to the main stem which may be evidence of uniform
processes within the headwaters as the three channels have similar gradients. The variations observed in the
remaining long profiles (channels 8-11) show much steeper profiles that may reflect smaller watersheds or
differences in the lithology. For the neighbouring Watershed 5, the trunk stream is similar to that of Watershed
4 (Figs. 10, 11). However, the tributaries in Watershed 5 vary from shallow profiles to steeper profiles.
Chi Transformations
The watershed data extracted from the DEMs is treated by integrating downstream drainage area relative to
changes in elevation, an approach taken to reveal basin characteristics such as steepness without the need
to calculate channel slope. The resulting chi plots, using the spatial integral of drainage area, allow profiles
with different basin characteristics to be compared and transient features to be differentiated more easily from
noise in the data [Perron and Royden, 2013].
Plots of elevation within chi space can be used to estimate parameters of the stream power model, specif-
ically the m/n ratio. The best fit for the m/n ratio for each sub-basin was determined by two tests - linearity
of the channels and collinearity of the tributaries with the trunk stem. At lower values of the m/n ratio, the
tributaries appear to plot above the main stem of the watershed creating a plot similar to the long profile of the
sub-basin. As the m/n ratio approaches 0.5, the channels trend toward linearity and collinearity. At higher
ratios, the tributaries begin to plot below the trunk stream and the overall shape of the chi-elevation plots
trends toward a convex form (Appendix A).
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The chi plots for Watersheds 1-5 vary in form and in the m/n value that best transforms each channel
profile (Fig. 23). The best fit model of the m/n ratio is determined by the minimum AICc value (Appendix B)
[Akaike, 1974; Hurvich and Tsai, 1989]. Figure 12B highlights the best fit for the Harpeth River Headwaters,
m/n = 0.675. As is shown in its chi plot, Figure 12D, the selected m/n does not linearize all the channels nor
does it yield collinear profiles. While the tributaries are mostly linear, the selected m/n value of 0.675 leads
to a convex trunk stream (Fig. 12). With the exception of channel 11, all of the channels in the watershed
plot above the main stem of the Harpeth River headwaters in chi-elevation space. For the range of m/n values
tested in the study, channels within the sub-basin approached linearity as the m/n approaches 0.5. However,
the channels never approach collinearity with the main stem within the watershed (Appendix A).
The chi-plots for Watershed 2 (Fig. 14D) and Watershed 3 (Fig. 16D) exhibit similarities in the shape of
their profiles and are the most linear of the chi plots. The best-fit m/n ratio of 0.55 for Watershed 2 linearizes
the trunk stream but the tributaries are not collinear plotting both above and below the trunk stream. For
Watershed 3, an m/n value of 0.5 normalizes the tributaries such that their chi profiles are collinear with the
trunk stream and yield the most linear, i.e., uniform plots of the sub-basins analyzed in the Harpeth River
Watershed. While the tributaries to the Watershed 3 trunk stream are the most collinear, the channels all plot
below the trunk stream and a few begin to take on a convex form at values of χ above 250 m.
The chi plot for Watershed 4 is similar in form to that of Watershed 5 (Figs. 18D, 20D). For Watershed
4, m/n = 0.525 was selected as the best model fit based upon the AICc results (Fig. 18B). Chi plots of the
channels are linear and collinear at elevations below 220 m. Above this, the transformed profiles trend toward
a convex geometry and plot below the trunk stream of the watershed. This indicates that the tributaries are
possibly eroding more quickly than the trunk stream (Fig. 18D).
The best constrained m/n model fit, based on cumulative AICc value, is observed in Watershed 5. The fit
for the sub-basin also returns the smallest standard deviation value (Fig. 20B). At m/n = 0.55, the tributaries
are collapsed onto the trunk stream but the channels within the sub-basin are convex in form rather than linear.
Non-linear chi plots may result from climatic or lithological differences in the sub-basin [Mudd et al., 2014].
An m/n value of 0.425 appears to produce the best linear chi plot however, the ratio does not produce the
best collapsed fit (Appendix A). The m/n ratio of 0.55 is chosen here as the best-fit given that the tributaries
have the same geometry and lie on the same chi curve as the trunk stream (Fig. 20D).
Chi plots of the watershed highlight locations in the study area that warrant further attention to explain
slope changes as well as deviations from linearity and collinearity in their χ-elevation plots. It is expected
that there is uniform climate within the sub-basins and if occurring, uniform uplift. Within the sub-basins,
variations in the channel profile form may then be as a result of differences in bedrock lithology or in the size
of the drainage area.
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DISCUSSION
Maps of bedrock lithology show that the Harpeth River drains the regional physiographic features of the
Nashville Basin and the Western Highland Rim, and as a result, drains bedrock of differing ages, composi-
tion and erodibility (Figs. 2, 3). Differences in the geometry of the channels draining the Ordovician and
Mississippian age units might therefore be expected, as bedrock resistance to erosion has been found to exert
control on channel gradient as well as the morphology of landscapes [Kirby et al., 2003].
Workers such as Ra˜doane et al. [2003] identify variations in discharge, riverbed material and sediment
load as having an influence on the form of the river profile and can potentially explain profile convexities.
Landscape models attempting to understand the factors constraining morphological evolution have often as-
sumed uniform lithology [Aalto et al., 2006]. Maps of the Harpeth however show spatial variations in bedrock
lithology, which may be an important constraint within the watershed and is discussed below. Bedrock prop-
erties such as rock hardness have been previously shown to influence the rate of bedrock incision with steeper
slopes corresponding to harder rock types and softer rocks weathering more rapidly leading to gentler stream
gradients [Sklar and Dietrich, 2001; Marshall and Roering, 2014]. It expected that channels in the Harpeth
River Watershed will reflect differences in bedrock erodibilty in the transformed river profiles.
Long Profiles in Relation to Geology
Watershed 1 drains the heterogeneous Ordovician-age limestones of the Nashville Basin. Long profiles of the
channels comprising the sub-basin are influenced by the composition and the erodibility of the bedrock that
they drain. Steeper profiles do correlate with streams draining the chert-rich Mississippian-age Fort Payne
unit that once capped the Nashville Basin (Fig. 13A). Channels that head in the remnants of this unit are
higher in elevation (e.g. channel 3) and tend to be steeper (e.g. channel 13) (Fig. 7; Table 2). It would
be expected that as lithology changes from more resistant to less resistant that the steepness along the reach
would decrease. While it is difficult to make assessments about the resistance of these units without field
measurements, changes in bedrock composition (e.g. channel 5) appear to influence the shape of the profile
and leads to slope breaks where the composition of the bedrock changes (Fig. 7).
As the composition of the bedrock within the basin changes, so do the long profiles of the channels.
Watersheds 2 and 3 drain both Ordovician and Mississippian-age bedrock (Fig. 15A, 17A). The bedrock
outcropping in Watershed 2 includes the more resistant Mississippian Fort Payne as well as the shale and
calcarenite rich units found in the Nashville Group (Table 3) [Miller and Maher, 1972; Miller, 1974; Mills
and Mills, 2001]. It is expected here in Watershed 2 that the long profiles will reflect the composition and
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erodibility of the bedrock they drain. Channel 5, which enters the trunk stream around 15 km from its mouth,
has a distinct long profile which appears to be the least steep of the profiles analyzed (Fig. 8). It is however
difficult to tell whether the shape of the profile is due solely to bedrock or if other factors such as upstream
drainage area are exerting control. Channel 6 drains the same bedrock units but has a steeper and a less
concave profile when compared to channel 5 (Figs. 8, 15A). The difference between the two channels may
be attributed to the amount of sediment traveling downstream in each of the channels. Alternatively, the
difference may be a function of the drainage area as channel 5 is the longest tributary to the trunk stream
in the sub-basin (Fig. 17B). While the bedrock along the channels of Watershed 3 are more homogeneous,
the effects of bedrock type and sediment availability can still be observed in the long profiles of channels.
Channels within this sub-basin drain limestone, clay, shale and chert-rich units (Table 4). Although the age
varies from Ordovician to Silurian to Mississippian, the long profiles are more similar than would be expected
from the heterogeneity present. Within this sub-basin, it is more difficult to constrain the factors influencing
the channel form and requires a second mode of analysis.
Bedrock control can however be observed in Watershed 4 where the channels drain Mississippian-age
bedrock (Fig.19A). The majority of the long profiles are uniform in appearance with channels solely draining
the chert-rich Fort Payne unit being the exception. Channels anchored in the Warsaw limestone appear to have
less steep reaches, which can be attributed to the erosion, transport and deposition of the shales associated
with the unit (Fig. 10) [Miller, 1974]. Steeper channels in the watershed are associated with the siliceous
Fort Payne unit as is observed in other sub-basins. Here, the steepest reaches drain only the Fort Payne (e.g.
channels 8-11), whereas less steep channels drain a combination of the bedrock units. This trend is also
observed in Watershed 5 where the steepest channel is associated with the chert-rich limestones (e.g. channel
2) and less steep reaches associated with the more erodible clay-rich limestones and shales (e.g. channel 1).
Bedrock lithology not only influences the form of the long profile due to bedrock incision but also due to
the amount of sediment being transported and deposited along the channel. Bedrock geology affects the level
of sediment production and the erosion rate within the sub-basin as the properties of the soil are determined
by the bedrock serving as the parent material [Sklar and Dietrich, 2001; Aalto et al., 2006; Marshall and
Roering, 2014]. While other factors may be responsible for the observed forms, it may be difficult to separate
the variables of lithology and climate given their intimate nature [Hurst et al., 2013]. In order to better
understand the trends observed in the watershed, we use the χ-elevation plots described by Perron and Royden
[2013], which account for the variations in drainage area with downstream distance. The use of the chi plots
also aids in comparisons of channel profiles which may have variable erosion parameters. The chi plots also
offer a visual representation of channel steepness within a watershed as the slope is related to the ratio of
uplift to erodibilty raised to the power of 1/n.
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Chi Plots and Bedrock Geology
Within the Harpeth River Headwaters, the chi plot of the trunk stream deviates from the straight line plot
that would be expected for a sub-basin at steady-state with spatially homogeneous erodibilty. Rather than
a straight line, the transformed river profile has a convex-up geometry (Fig. 12C). The resulting shape of
this trunk stream in χ-elevation space may potentially be as a result of differences in the erodibility of the
bedrock. When plotted with its tributaries (Figure 12D), it becomes evident that there are non-uniform pro-
cesses occurring within the sub-basin. For example, channels here reflect variable steepnesses in χ-elevation
space (Fig. 12; Table 2). It is expected that those channels draining more resistant bedrock would be steeper
than channels which drain more erodible units. The steepest channel, on the chi plot of the sub-basin, is
channel 3 which begins in the chert-rich Mississippian-aged Fort Payne (Fig. 13A). Channel 9, which falls
immediately below channel 3 on the chi plot also drains this unit. The less steep channels within the wa-
tershed however correspond, as expected, to less resistant limestone units (e.g. channel 11). While the m/n
ratio is poorly constrained as is reflected in the AICc results (Fig. 12B), the statistical method of Mudd et al.
[2014] revealed the location of more resistant bedrock based upon changes in local profile steepness in chi
space.
The trunk stream of Watershed 2 has a linear chi plot, which leads to the initial interpretation that pro-
cesses within the sub-basin are uniform (Fig. 14C). However, when the trunk stream is plotted alongside the
tributaries, the sub-basin appears to be slightly out of equilibrium with the channels no longer obeying the
expected power-law relationship. Within Watershed 2, lithology, while important, may not be the primary
process controlling the form of the profiles. For example, channel 5 steepens in the downstream direction
(Fig. 14D). However based on the changes in the lithology along channels 5 from the less erodible chert-
rich unit to the more erodible calcarenite unit, it might be expected that the channel slope should increase in
association with a decrease in erodibility (Figs. 14D, 15A). While lithology may be secondary to the influ-
ence of upstream drainage area, it still remains an important constraint on the form of the channel profiles.
Channels which have their headwaters in the Mississippian unit are indeed steeper than those draining only
Ordovician-age limestones (e.g. channel 1) as is expected based on the trends observed in Watershed 1 (Fig.
14D).
Watershed 3, lies along the transition from the Nashville Basin to the Western Highland Rim has a best
fit m/n ratio of 0.5 and is the most linear and collinear of the sub-basins examined in the study (Fig. 16D).
Watershed 3 best fits the expected power-law relationship set by the relationship between drainage area and
discharge in the basin. Within the sub-basin, channels have similar steepness and appear to be dominated
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by uniform erosional and depositional processes. While the bedrock varies between the Ordovician, Silurian
and Mississippian periods (Table 4), geologic differences do not appear to be the dominant constraint on
the profile form of channels within the sub-basin. Lithology is however still an important constraint within
the watershed. The downstream steepening that is observed on the chi plots of channels 3 and 4 coincides
with a lithological shift from the less resistant bedrock of the Warsaw formation to that of the siliceous Fort
Payne [Miller and Maher, 1972; Mills and Mills, 2001]. The linearity and collinearity of the chi plots and
the best-fit m/n ratio of 0.5 indicate that discharge is the primary control on the river profile as the channels
within the sub-basin obey Equation 1. While not the primary constraint in the sub-basin, lithology still exerts
an influence on fluvial incision in the sub-basin.
Watersheds 4 and 5 both have similar sub-basin chi plots, similar m/n ratios and similar bedrock lithology
(Tables 5, 6). The river profile of Watershed 4, including the trunk stream and its tributaries, transforms into
a convex curve rather than a straight line plot (Figs. 18C, D). This deviation from linearity in the chi plot
indicates that the basin may be out of equilibrium or experiencing non-uniform erosion. This may be possible
due to the bedrock differences within the watershed, as the headwaters of channels in the sub-basin, based
on the chi plot, are eroding at a faster rate than the downstream reaches of the channels. The trunk stream,
which drains only the Mississippian-age Fort Payne, is the steepest channel in the sub-basin as would be
expected due to the relatively low erodibility of these rocks (Figure 18D; Table 5). Other channels draining
large percentages of the chert-rich unit (e.g. channels 8-11) also plot closer to the trunk stream than channels
that drain the more easily eroded Warsaw formation. The convexity of the profile is related to the difference
in composition of the Warsaw formation and the Fort Payne formations. While both Mississippian in age, the
higher chert content of the Fort Payne leads to more erosion resistant bedrock compared to the less resistant
shale and clay-rich Warsaw formation [Mills and Mills, 2001].
Channels in Watershed 5 plot on the same chi curve as the trunk stream indicating uniform erosion in the
channels of the sub-basin. However, the convex geometry of the profiles highlight spatially heterogeneous
processes along the channels. It is expected that the downstream increase in steepness observed in Figure
20D is a result of a change in the erodibility of the bedrock. The downstream transition from the more
erodible Warsaw formation to the less erodible Fort Payne formation observed on the geologic map, supports
this observation (Fig 21A; Table 6). Streams in the sub-basin appear to be eroding a faster rate in their
headwaters as is indicated by the convex geometry of the transformed profile. The rapid rate of erosion in
the headwaters due to downstream changes in lithology is also observed in Watershed 4 with the steeper
downstream reaches corresponding to more resistant bedrock.
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Evolution of the Harpeth River Watershed
Based on the analysis of each of the five sub-basins in the Harpeth River Watershed, it appears as though
the form of the channel profile is influenced by the local geology, which also influences factors such as
sediment production within a watershed. Based on studies such as Pazzaglia et al. [2013], it was expected
that profiles should steepen where they cross resistant rock types. This phenomenon was observed throughout
the watershed although in some sub-basins, such as Watershed 2, deviations were observed. While Hurst
et al. [2013] proposes that it may be too difficult to separate the influence of lithology, climate and tectonic
activity given their dependence on each other, the influence of bedrock lithology can be observed throughout
the Harpeth River Watershed. Lithology, however, appears to be secondary to the influence of increasing
drainage area and accumulated water discharge.
It is probable, given the size of the Harpeth River Watershed, that the entire watershed has had a similar
climate throughout its history and uniform precipitation within the sub-basins. With little variation in climate,
this leads to the idea that the Harpeth River Watershed is experiencing differential rates of erosion due to local
bedrock differences. On a large scale, the major tributaries analyzed here are in equilibrium with the main
stem, the Harpeth River. In a watershed where the main stem is undergoing vertical incision at a faster rate
than the tributaries, it would be expected that features such as knickpoints would be present and propagating
through the tributaries as the tributaries lowered to base level [Mudd et al., 2014]. Neither the long profiles
nor the chi plots of the watershed support this transient case due to the absence of coherent slope changes
which, in a transient sub-basin, would have plotted at similar values of chi.
If the case is considered where basin uplift approaches zero, the slope of channels within the watershed
would decrease in response. Based upon Equation 3, as incision occurs, channel elevation, z(x), would
decrease and approach the elevation at base level, z(xb). The system would transition to a transport-limited
state where the sediment accumulating along the channel exceeds the capacity of the river [Baldwin et al.,
2003]. As uplift in the watershed approaches zero, the vertical motion over time, dz/dt, could be represented
by lowering of the basin. A term for basin lowering could then be used to replace uplift in the steady-state
formulation of the stream power model. If the basin lowers at a rate that is sufficiently slow relative to the rate
of adjustment of the river profile, this formulation then represents a quasi-steady condition that is associated
with approximately uniform lowering.
Huckemeyer [1999] however proposed that the Harpeth River is not in steady-state equilibrium, as defined
by dz/dt = 0, as the river is continually incising to base level set without significant uplift of the watershed.
The study also proposed that the terraces observed along the lower reach of the Harpeth River are a result of a
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climatic shift between glacial and interglacial periods. While the terraces in the lower reach of the watershed
may support this assertion, the effects of climate are not observed in the headwater channels of the Harpeth.
The analysis conducted in this study agrees with the conclusion that the Harpeth River is continuously lower-
ing to base level. It is possible, however, that as the Harpeth River incises, lowering is spatially homogeneous
throughout the basin. It is also possible that the absence of features such as knickpoints, which can be pro-
duced by perturbations such as a sudden change in base level, is due to any transient signal that would have
resulted from the perturbation having already propagated through the watershed [Seidl and Dietrich, 1992;
Anto´n et al., 2014].
Formation of the terraces observed in the Harpeth River may also be attributed to the meander cutoffs ob-
served along the lower reach of the Harpeth River. As meanders are cutoff, the change in river regime caused
either by straightening of the channel or by external forcing can lead to increased vertical incision [Mills
and Mills, 2001; Limaye and Lamb, 2014]. Increased incision may explain some of the terraces remaining
in the lower Harpeth. Although the Harpeth River Watershed may have had uniform climate throughout its
history, Brakenridge [1984] cautions against assuming constant environmental conditions in the Holocene as
paleoclimate reconstructions indicate that in the last 10,000 years, there have been changes in the climate
of middle Tennessee which would have had an impact on stream-channel evolution. It is possible that these
climate shifts, combined with bedrock differences led to the formation of terraces in the lower reach of the
Harpeth River.
To better determine the effect of bedrock lithology on the geometry of river long profiles, it may be
necessary to obtain estimates of bedrock properties such as rock hardness and tensile strength. Quantification
of these properties will aid in gaining a better understanding of the degree to which local morphology is
dependent upon bedrock properties [Marshall and Roering, 2014]. In using the stream power model, it is
also important to understand its limitations such as assuming homogeneous bedrock and ignoring the role of
sediment production. It is also important to account for the simplification of inherent complexities that exist
in natural landscapes [Lague, 2014].
It may be important then to consider additional factors such as the evolution of vegetation, human mod-
ification of the landscape [Brakenridge, 1984] and soil formation and development [Yetemen et al., 2010;
Hurst et al., 2013] in evaluating factors influencing to evolution of a watershed. While processes such as
climate, tectonic and vegetation operate on varying timescales, Brakenridge [1984] and Huckemeyer [1999]
have shown that in middle Tennessee, these processes influence landscape evolution.
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CONCLUSIONS
The relationship between the stream-channel profile and bedrock lithology was explored in the Harpeth River
Watershed. Four of the main tributaries and its headwaters were examined in the study. Longitudinal profiles
were created for the streams as well as transformed profiles to determine the factors influencing the river
profile geometry observed in the study area. Through use of the long profiles and chi plots, we have been
able to show that locally, bedrock lithology does have an impact on channel evolution in the Harpeth River
Watershed.
Based on the analysis of river profile in the Harpeth River Watershed, it is evident that the properties of the
bedrock influence the form of the channel. It was expected that steeper reaches would be associated with more
erosion resistant bedrock and less steep reaches occurring where the bedrock is easier to erode. Channels
within the study area deviating from the power-law relationship between drainage area and slope predicted
by the stream power incision model, appear to do so where the bedrock lithology is spatially variant. However
lithological differences were unable to explain all the profile deviations observed within the watershed.
Stream-channels in the Harpeth River Watershed are influenced, first and foremost, by their upstream
drainage area, which influences the ability of the streams to perform work. As fluvial incision into bedrock
has been shown to set the rate of lowering in watersheds, lithology plays an important role and should be
considered in attempting to understand river profile form. In the Harpeth River Watershed, bedrock lithology
exerts control, locally, on the geometry of the streams as it influences factors such as the erodibilty of the
bedrock. While it is difficult to isolate lithological control relative to climate or tectonics, it is possible and
should be investigated in middle Tennessee studies.
The bedrock lithology within the sub-basins, has led to differential rates of incision. However, on a basin
scale, the Harpeth River Watershed is undergoing uniform lowering. As an important control on river profile
form, bedrock properties within the watershed need to be quantified in further detail to determine how lithol-
ogy shapes the profile form. Tests on properties such as bedrock hardness and tensile strength may provide
greater insight into this relationship. As observed in the Harpeth River Watershed, bedrock lithology also
influences relief, sediment supply and the biology found in the basin. Although these factors exert influence
on different timescales, they require careful consideration as their signals may influence interpretation of the
processes occurring within the watershed.
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(A)
(B)
Figure 5: (A) Mean discharge of the Harpeth River Watershed recorded at the Kingston Springs gaging station
for the 2010 water year (B) Mean discharge of the Harpeth River watershed recorded at the Kingston Springs
gaging station for the 2013 water year [USGS, 2010, 2013].
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Figure 6: Hillshade map of the Harpeth River Watershed created from a 10m digital elevation model. The
map outlines the watershed boundaries as designated by the National Hydrological Dataset HUC-10 and
shows the four tributaries to the Harpeth River and the headwaters analyzed in this study.
Figure 7: Longitudinal profile of the Harpeth River Headwaters (Watershed 1). Figure shows the river long
profiles of the trunk stream and the 13 tributaries analyzed in the sub-basin.
38
Figure 8: Longitudinal profile for the West Harpeth River Watershed (Watershed 2). Figure shows the river
long profiles of the trunk stream and the 8 tributaries analyzed in the sub-basin.
Figure 9: Longitudinal profile for the South Harpeth River Watershed (Watershed 3). Figure shows the river
long profiles of the trunk stream and the 9 tributaries analyzed in the sub-basin.
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Figure 10: Longitudinal profile for the Turnbull Creek Watershed (Watershed 4). Figure shows the river long
profiles of the trunk stream and the 11 tributaries analyzed in the sub-basin.
Figure 11: Long profile for the Jones Creek Watershed (Watershed 5). Figure shows the river long profiles of
the trunk stream and the 4 tributaries analyzed in the sub-basin.
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(A)
(B)
(C) (D)
Figure 12: (A) Hillshade of Watershed 1. (B) Range of m/n values analyzed in the study and the best fit
model selection of the appropriate value. The best m/n is selected at the minimum AICc value. The dashed
line represents the minimum AICc value plus one standard deviation. (C) Trunk stream transformed into
χ-elevation space. (D) Channels analyzed in the watershed transformed into χ-elevation space. The dashed
line represents the best fit segments for the watershed and the solid lines show the transformed segments.
Colour scheme is consistent with the map of channels plotted on the hillshade. The parameter values for the
Headwaters are noted above (D) and are σ = 3 m, skip value = 2, minimum segment length = 14 and number
of target nodes = 80.
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(A) (B)
(C) (D)
Figure 14: (A) Hillshade of Watershed 2. (B) Range of m/n values analyzed in the study and the best fit
model selection of the appropriate value. The best m/n is selected at the minimum AICc value. The dashed
line represents the minimum AICc value plus one standard deviation. (C) Trunk stream transformed into
χ-elevation space. (D) Channels analyzed in the watershed transformed into χ-elevation space. The dashed
line represents the best fit segments for the watershed and the solid lines show the transformed segments.
Colour scheme is consistent with the map of channels plotted on the hillshade. The parameter values for the
Headwaters are noted above (D) and are σ = 3 m, skip value = 2, minimum segment length = 14 and number
of target nodes = 80.
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(A) (B)
(C) (D)
Figure 16: (A) Hillshade of Watershed 3. (B) Range of m/n values analyzed in the study and the best fit
model selection of the appropriate value. The best m/n is selected at the minimum AICc value. The dashed
line represents the minimum AICc value plus one standard deviation. (C) Trunk stream transformed into
χ-elevation space. (D) Channels analyzed in the watershed transformed into χ-elevation space. The dashed
line represents the best fit segments for the watershed and the solid lines show the transformed segments.
Colour scheme is consistent with the map of channels plotted on the hillshade. The parameter values for the
Headwaters are noted above (D) and are σ = 3 m, skip value = 2, minimum segment length = 14 and number
of target nodes = 80.
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(A) (B)
(C) (D)
Figure 18: (A) Hillshade of Watershed 4. (B) Range of m/n values analyzed in the study and the best fit
model selection of the appropriate value. The best m/n is selected at the minimum AICc value. The dashed
line represents the minimum AICc value plus one standard deviation. (C) Trunk stream transformed into
χ-elevation space. (D) Channels analyzed in the watershed transformed into χ-elevation space. The dashed
line represents the best fit segments for the watershed and the solid lines show the transformed segments.
Colour scheme is consistent with the map of channels plotted on the hillshade. The parameter values for the
Headwaters are noted above (D) and are σ = 3 m, skip value = 2, minimum segment length = 14 and number
of target nodes = 80.
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(C) (D)
Figure 20: (A) Hillshade of Watershed 5. (B) Range of m/n values analyzed in the study and the best fit
model selection of the appropriate value. The best m/n is selected at the minimum AICc value. The dashed
line represents the minimum AICc value plus one standard deviation. (C) Trunk stream transformed into
χ-elevation space. (D) Channels analyzed in the watershed transformed into χ-elevation space. The dashed
line represents the best fit segments for the watershed and the solid lines show the transformed segments.
Colour scheme is consistent with the map of channels plotted on the hillshade. The parameter values for the
Headwaters are noted above (D) and are σ = 3 m, skip value = 2, minimum segment length = 14 and number
of target nodes = 80.
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Figure 22: Schematic of the linearity and collinearity of channels plotted in χ-elevation space. Steady-state
systems should have a chi plot in which the trunk stream and the tributaries are both linear and collinear.
Adapted from [Mudd et al., 2014].
Figure 23: Kernel Density plot showing the range of m/n values calculated for the 50 channels analyzed
within the Harpeth River Watershed.
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Figure 24: Chi - Elevation plots for the channels analyzed within the Harpeth River Headwaters
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Figure 25: Chi - Elevation plots for the channels analyzed within the West Harpeth River Watershed
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Figure 26: Chi - Elevation plots for the channels analyzed within the South Harpeth River Watershed
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Figure 27: Chi - Elevation plots for the channels analyzed within the Turnbull Creek Watershed
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Figure 28: Chi - Elevation plots for the channels analyzed within the Jones Creek Watershed
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Figure 29: AICc plots for Channels 0-13 in the Harpeth River Headwaters
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Figure 30: AICc plots for Channels 0-8 in the West Harpeth River Watershed
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Figure 31: AICc plots for Channels 0-9 in the South Harpeth River Watershed
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Figure 32: AICc plots for Channels 0-11 in the Turnbull Creek Watershed
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Figure 33: AICc plots for Channels 0-4 in the Jones Creek Watershed
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